The effects induced on the climate by human activity have become a major issue for the new millennium. In order to arrive at sustainable conclusions it is necessary, first of all, to assess and quantify natural climatic changes. In general this is done by analysing available time series. In the case of historical hydrometeorological data sets, a comparative analysis with solar cycles is not usually conducted. This work, however, demonstrates that the effect of solar cycles observed at the Equator is also visible at middle and high latitudes with multiple periodicity of the basic solar frequency (roughly 11 years). This could well be due to the interaction between solar forcing and circulation mechanisms within the atmosphere, i.e. water-air-soil interactions coupled with anthropogenic forcing. This theory has been tested by comparing different types of historical data series with the River Po discharges and cyclic appearance of slime bloom in the Adriatic Sea.
INTRODUCTION
Over the last decades, there has been a great increase in scientific inquiry and public debate regarding the effects of human activities on the climate. In order to reach credible conclusions, it is of vital importance to be able to estimate natural climatic changes. The climate of the Earth is the manifestation of how solar irradiance is absorbed and redistributed in the atmosphere, in the oceans and reradiated into space.
A variation in the energy that reaches the Earth's surface, or that is reflected by it, may affect the climate. If it were possible to accurately define the "natural" variability of a series of data (temperature, rainfall, discharge etc.), it would be reasonably possible to estimate the part induced by human activity (the greenhouse effect with the concomitant causes triggered by the energy industry, car exhaust emissions, forest fires etc.).
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It is in this context that an investigation carried out on the historical data set of the discharge records from a river and the comparison with other historical data sets, such as surface-air temperature anomalies in the Northern Hemisphere, field of atmospheric pressure at sea level over North Atlantic region (North Atlantic Oscillation, NAO index), rainfall and hydrometric levels in a lake, are discussed herein. It was observed that these data sets follow, with oscillations, the decadal Sun cycles and the longerterm variations of solar activity (solar energy fluctuations), but with time lags and some differences in phase. In order to assess the variability of natural data sets, it is necessary to take the solar forcing into consideration.
ANALYSIS OF HISTORICAL DATA SETS
The idea of determining the climatic variability by analysing hydrometeorological data is not new. At the end of the nineteenth-century, Bruckner (1890) created a hypothetical sequence of climatic fluctuations based on a comparison of similar meteorological data recorded in the same periods in different parts of the Northern Hemisphere. In this way, he identified large-scale climatic fluctuations of the order of a few hundred years, such as the cold-wet period between 1600 and 1850, now referred to as the Little Ice Age, and the present warm-dry period, 1850 to date. Within this sequence he identified alternating shorter cycles: cold-wet or warm-dry, varying in length from 10 to 35 years, and averaging 20 years (Bruckner cycles, Fig. 1) .
A study of discharges recorded in the main European rivers and in the Yellow River in China (Tardy, 1986 ) also reveals analogous patterns during the same periods, confirming that climatic fluctuations produce similar effects in different natural environments, even if they are a great distance from each other.
Of particular interest is an analysis of a water level data set recorded in Lake Victoria. The peculiarity of this equatorial lake is that roughly 80% of its water balance is directly based on rainfall and evaporation, while only a small percentage depends on river inflow and outflow (Yin & Nicholson, 1998) ; it therefore behaves like a huge evaporimetric tank.
It has been observed that a good correlation between sunspot and lake levels has been maintained from 1885 to 1927 and from 1968 to 1997 (Mason, 1998 . The comprehension of the effect of solar activity on Earth climate has been enhanced by the work of Friis-Christensen & Lassen (1991 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 year global warming of the Earth's surface temperature which has occurred over the last 100 years in the Northern Hemisphere shows a good correlation with the length of the solar cycle. In fact, solar activity over the past 100 years has generally increased, since the length of the cycle has dropped by about 11.5 years to less than 10 years in length, i.e. the shorter the interval, the more active the Sun (Fig. 2) . The cycle length is obtained during maximum and minimum periods from the difference between the subsequent and previous maximum/minimum points. The obtained lengths were then filtered using a low pass with coefficient 1,2,2,2,1. The last of the points were obtained by fitting the lengths of the two subsequent cycles to the one from the last cycle to be observed. The temperature anomaly curve represents the monthly value mean of temperature anomalies during the course of the reference solar cycle. This work was viewed with a degree of scepticism since in the event of an increase or a decrease in sunspots, the variation in solar energy reaching the Earth rises or falls by not more than 0.1%. Critics maintained that this fraction was far too low to account for the variations in the surface temperature. In another more recent article, Svensmark & Friis-Christensen (1997) provided a possible explanation. Satellite data have shown that during high solar activity, there is a reduction in the level of cosmic radiation reaching the Earth and this in turn leads to a reduction in cloud cover. A reduction in cloud cover entails more solar radiation reaching the Earth. The effect of cosmic rays on cloud formation is under discussion, but it may be linked to the ionizing effect they have on the water particles suspended in the atmosphere. Barlow & Latham (1983) have shown experimentally that charged drops become more effective attractors of aerosols than uncharged ones.
As far as Lake Victoria is concerned, there appears to be a good correlation between water levels and number of sunspots (Fig. 3) , and this correlation seems to become more evident when dust levels in the atmosphere are high. This occurred after severe volcanic eruptions: Krakatoa in 1883 and Monte Agung in 1963 (Mason, 1998) .
To clarify, mention should be made of the study of Veretenenko (1995 and , concerning the response of cloud cover to the flow of cosmic rays. -J-; - They discovered that the amount of cloud cover decreases when the solar activity increases and cosmic ray flux decreases. Svensmark & Friis-Christensen (1997) argued that if the flow of cosmic rays really is the cause of variations in cloud cover, the effect should be minimum close to the geomagnetic Equator, where the lines of the Earth's magnetic field are horizontal and they therefore have a greater protective effect with respect to the ionizing particles. Svensmark & Friis-Christensen (1997) concluded that the topic needs further study regarding latitude and altitude distribution of the cosmic rays effect. In any case, the Equator and the surrounding areas appear to be very promising in this respect, since the solar cycle's signal, which comes from space, affects the cycles of the stratospheretroposphere and penetrates the atmosphere to descend to the Earth's surface (Labitzke & van Loon, 1993) : for the summer period, it was observed that the year-to-year variations in the vertical flows of the tropics and subtropics contain the components of the solar cycle (Labitzke & van Loon, 1997) . Since the equatorial zones are the least disturbed (Svensmark & Friis-Christensen, 1997) , they seem to be the most suitable areas for observing phenomena linked to solar cycles.
-
On the other hand, the signal variation of the natural forcing generated by the Sun is barely visible at the middle and high latitudes of the Earth. This is probably due to forcing factors in the atmosphere (greenhouse effect gases, anthropogenic forcing and natural forcing) and the fact that the mutual interactions between the oceans and the Earth create a prevailing internal atmospheric variability so that it is difficult to distinguish the effects of the basic parameters. Nevertheless, it could be interesting to present an example of how the signal could be detected at middle latitudes. This hypothesis has not been proved beyond reasonable doubt and it could still be used as a basis for further studies.
DISCHARGE RECORDS FROM THE RIVER PO AND THE CYCLIC APPEARANCES OF SLIME BLOOMS IN THE ADRIATIC SEA
The River Po, which meanders its way around 45°N, has a catchment surface area of 70 000 km" and the characteristic of being surrounded on three sides by high mountains (the Alps and the Apennines, see Fig. 4 ). The river flows into the upper (northern) part of the Adriatic Sea. This rather shallow sea is occasionally subject to episodes in which unpleasant-looking slime blooms appear (Tomasino, 1996) . These slime blooms are composed of a gelatinous, threadlike substance, which floats in the sea and can engulf fish and plankton, provoking their death. As the latter putrefy, they give off a fetid smell. Since there is a flourishing tourist industry along the sandy coastline of the Adriatic Sea, the appearance of mucilage is of great concern to tour and hotel operators.
The freshwater discharge entering the sea from the River Po plays an important role in the dynamics of the northern Adriatic since it generates density currents which, coupled with the density currents generated naturally by the seasonal cycle, represent one of the main driving forces in the sea's circulation. Further circulation components are induced by the wind and the tide (i.e. atmospheric and astronomical components).
An investigation into the slime bloom phenomenon has shown that a single year with a river discharge deficit is not enough to upset the system, but more than one year is. In mathematical terms, this means that river discharges should be analysed with a numerical filter. In temporal terms, the cause (the monitored discharges) cannot be too far away from the effect (slime blooms appear in late spring-summer) and therefore only river discharges recorded within the period preceding the appearance of slime blooms, i.e. October-March, were analysed. By trial and error the 3-year numerical filter was determined to be the most suitable for detecting the appearance or absence of slime blooms (on-off model). The filter values Ok are defined as follows:
(1) Alps /x< where g, is the mean discharge of the River Po at Pontelagoscuro during the October 0' -1) to March (i) period.
The investigation period is from 1921 up to the present day, since discharges have been monitored on a daily basis on the River Po at Pontelagoscuro since that date and records are available for the entire period.
By processing the data, a sequence of annual values was obtained that assume a sinusoidal trend with clearly identifiable maxima and minima. It is possible to establish the threshold above which the function departs from its natural variability by computing the standard deviation of the phenomenon. Figure 5 demonstrates that when the function has come close to, or crossed, the lower threshold, suitable conditions existed; in fact slime blooms may appear either in massive quantities or sporadically (Tomasino, 1996) . This phenomenon could be relieved by the presence of strong winds, which reactivate the circulation of the basin and also by potential flood conditions in the river in late spring/early summer. Once the concurrence of the signal and the appearance of the phenomenon had been established, it was assumed that the phenomenon was due to the lack of nutrients transported by the river; these are indispensable for aquatic life (episodes had already occurred in the 1800s at a time when pollution was not supposed to have existed).
More recent océanographie studies earned out in the Mediterranean have confirmed the existence of a three-year inter-annual cycle in its waters (Artegiani et al., 1997) . The biochemical inertia in the upper Adriatic would justify this assumption, but if water residency times were considered, this hypothesis would no longer be valid in view of the limited depth of the basin. In April, when October-March Po River discharge data become available from the Pontelagoscuro station, the model was used to predict the state of the upper Adriatic Sea in the May-August period. The model, which has been available since 1990 and has proved capable of predicting the largescale appearances of slime bloom in 1988 and 1989, was accurate in its predictions for the years 1990, 1991 and 1992. In all, there were five years in which the situation was critical for a longer time (Fig. 5) . Fortunately, the last three years were relieved by concomitant favourable phenomena, i.e. the presence of wind and flood conditions in the river in the late spring; appearances of slime blooms were therefore limited. As the years have gone by it has been realized that the discharge patterns in the river follow the change from a dry period to a wet period. During the period 1993-1996, catastrophic flood conditions reappeared in Italy causing over 200 deaths.
This processed discharge data set described above was compared to other climatic data sets.
ANALYSIS OF THE WINTER DISCHARGE DATA SET AND COMPARISON WITH TEMPERATURE RECORDS
By comparing the patterns of annual anomalies in the air temperature in the Northern Hemisphere, recorded at stations between 44 and 64°N over the period 1880-1985 (106 years) (Hansen & Lebedeff, 1987) , with the filter of the discharges from the River Po, a good agreement is revealed (see Fig. 6 ) in terms of trends and irregularities. The linear correlation calculated between the 5-year running mean of the anomalies in air temperature and the filter (equation (1)) of the River Po discharges is equal to 0.32, with a significance level of 94%. The significance level relative to correlation coefficient is evaluated using resampling methods as described by Edginton (1995) using 100 000 random permutations of the time series. To evaluate the significance level for the correlation between filtered series, the permutations are applied to unfiltered data. The resampling value of the correlation coefficient is computed as follows: (a) the original time series are permuted, (b) the permuted series are filtered, and (c) the resampling value of the correlation coefficient is evaluated between ^Temperature anomalies 44°-64° N. (Hansen, Lebedeff, 1987) Mean discharge in the Po at Pontelagoscuro from the period October-March Fig. 6 Comparison between the filter of winter (October-March) discharges of River Po and temperature anomalies for the area between 44° and 64°N (Hansen & Lebedeff, 1987) . The continuous lines superimposed on the two sets represents the 5-year running mean for the temperature anomalies and the mean for the last 3 years of discharges in the River Po. The linear correlation between the two filtered sets is equal to 0.32 (with a 94% significance level).
permuted-filtered time series. However, the same type of analysis performed on Jones' data set (Climatic Research Unit, School of Environmental Sciences, University of East Anglia, UK-data set started in 1859, updated until January 1999) did not give the same results. This is probably due to the nonlinear rise in the average temperature in the Northern Hemisphere, which has been recorded over the last 10 years, and also to the fact that Jones' data, unlike Hansen's, refer to the whole of the Northern Hemisphere.
An examination of the data set regarding the filter of the discharges (see Fig. 6 ) reveals peaks that recur at an interval of between 10 and 30 years, with an average of roughly 20 years. A harmonic analysis of the data set confirms the presence of a component in the spectrum with a period equal to roughly 20 years (with a significance level of 95%; see Fig. 8(b) ). The significance level for the frequency components is evaluated using resampling methods as described by Manly (1997) with 5000 random permutation of the time series. These facts could confirm Bruckner's conclusions (Bruckner, 1890) , but his hot-dry and cold-wet sequences seem to be too simplistic. From a physics point of view, it follows that, as the temperature of the atmosphere rises, evaporation also increases, along with the vapour content in the air and the likelihood of precipitation. A combined analysis of the anomaly sets shows that, as the temperature increases, so does the rainfall and, in turn, the discharte it generates.
Considering that the river discharge is the result of the transformation process earned out by the River Po basin on the meteorological variables, and that the Mediterranean is capable of generating considerable quantities of moisture over this basin, these predicted increases in precipitation were indeed observed in the periods indicated. By calculating the number of days on which the 99th percentile was exceeded by the distribution of the daily mean discharges, the figure obtained ranges from a total of zero to a few days above the 99th percentile per year during minimum discharges, and over 25 days per year during maximum discharges.
Another study (Mann et al., 1995) , which used a longer data sample of air temperatures overland monitored over 400 years, covering the entire hemisphere, showed that such cycles do exist, e.g. a cycle of between 15 and 20 years has a significance level of over 99%. These cycles can be partly explained (Chierici et al., 1996) by deterministic components such as sunspot cycles and the Earth's nutation axes cycles. One should also bear in mind that, during the Earth's rotation, its position in relation to the Sun does not remain constant (Milankovitch cycles).
Continuing the analysis of historical data sets, the rise in water levels of Lake Victoria (Equator) which occurred at the beginning of the 1960s, explained by rainfall variation in the catchment area (Sene & Plinston, 1994) , can be seen to coincide with a marked increase in the discharges of the River Po recorded over the winter period (45°N) and with an increase in the hydrological variability in rainfall and discharges (runoff) in north central England (55°N) (Burt et al., 1998) . A linear correlation was found equal to 0.39 with a significance level of 98% between the series of River Po discharges and the ratios between winter rainfalls (DJF) and summer rainfalls (JJA) at Durham, UK (Fig. 7) .
Proceeding in chronological order, the next cycle is evident in Lake Victoria from the beginning of the 1970s, but is only hinted at in records from the River Po and from north central England, whereas the 1980s cycle appears in all three sites, though its appearance is slightly delayed in Lake Victoria. Fig. 7 Comparison between the filter of winter (October-March) discharges of the River Po and the ratio between winter rainfall (DJF) and summer rainfall (JJA) at Durham, UK. The continuous lines superimposed on the two sets represent the 5-year running mean for the ratios between rainfalls and the mean for the last three years of discharges in the River Po. The linear correlation between the two filtered sets is equal to 0.39 (with a 94% significance level).
A harmonic analysis of the three data sets (Fig. 8 ) reveals congruent behaviour, despite the different nature of the three sets, i.e. the water levels of a lake, the winter discharges of a river and the ratio between winter and summer rainfall. An analysis of the end-of-year water levels in Lake Victoria (Fig. 8(a) ) conducted on the period 1899-1976 (Yin & Nicholson, 1998) , reveals the presence of a significant component with an 11-year period, corresponding to the periodicity of sunspots. The analysed period is from 1899 to 1976 and its length is equal to that of the other time series analysed to have the same frequency component. The spectral analysis conducted on the entire period 1899-1994 has revealed that the component of 12-year period has a 97% significance level. As one moves up towards the middle latitudes (see Fig. 8(b) ), the 11-year component diminishes as the component with a period of 19.5 years (roughly double the period observed for Lake Victoria) broadens considerably, becoming significant with a probability equal to 95%. On assessing the components present in the Durham data set further north (Fig. 8(c) ), the component with an 11-year period appears to be even more reduced, while the component with a 19.5-year period has a 97% significance level. What now needs to be understood is why the cycles that can be detected at the Equator (Fig.8(a)-(c) ) differ at the midand high latitudes, even if they basically remain decadal or multiples thereof, as in the case of sunspots. The most plausible answer to the skipping of cycles, or to their cover, may be sought in the atmosphere's circulation variability and in the related observational indicators, e.g. turbulence, clouds, snow at ground level, etc. Fig. 8 Comparison between the spectra of three different hydrological data sets referring to different latitudes: (a) hydrometric levels in Lake Victoria (Equator), (b) mean winter discharges (October-March) in the River Po at Pontelagoscuro (45 °N), (c) ratios between mean winter rainfall (December-February) and mean summer rainfall (June-August) for the Durham station, UK (55°N).
COMPARISON BETWEEN THE WINTER DISCHARGES IN THE RIVER PO AND NAO
The simplest possible indicator of circulation fluctuations in the atmosphere, and in particular of the low frequency variability components, is the field of mean sea level pressure (MSLP). It has been demonstrated (Hurrel, 1995) that, in the winter period, the atmospheric pressure in the North Atlantic oscillates around characteristic values (North Atlantic Oscillation-NAO). The difference between the pressure measured at sea level in Iceland and in the Azores may assume an index value greater than 1.0 or less than -1.0. Different types of atmospheric circulation are linked to these index values. If the index number is positive (the pressure over the Azores is higher than over Iceland), Europe and the Mediterranean will have mild and drier winters. If the index number is negative, the same areas (Europe and the Mediterranean) will experience harsh and wetter winters, due to the different paths of the winds and clouds. Oscillations present an inter-annual variability and there are periods in which circulation patterns persist for several years, almost as if they "remember" the behaviour of the.previous year.
An analysis was performed on the NAO index set from the winter period (December-March: DJFM), since the signal is more marked in that period, reporting it with the temperature trend (5-year filter), and the discharge data set from the River Po (3-year filter) (see Fig. 9 ). What is already known about NAO and temperature trends is that from 1920 to 1938, when the NAO index was basically positive, there were winters that were somewhat milder than the ones in the previous period; from 1940 to 1970, with a generally negative NAO index, the winters were frequently colder than normal, while for the last 27 years, with a NAO index that has been mainly positive, the winters have been warmer and drier (cf. Hurrel, 1995) .
An analysis of the NAO data and of filtered river discharge records shows that for 1940-1997, the periods of change from a dry period to a wet period, occur in the downward phase of the NAO data and around the minima. In fact, during the downward phase of the NAO data (from positive to negative), the discharges are low around the maximum NAO index value, and they then gradually increase towards the minimum value. The set concerning the filter of the River Po discharges presents a linear correlation equal to -0.30 (94% significance level) with the filtered set . JllllLiuJiiËjJ l ' y ii i " Fig. 9 Comparison between the filter of winter (October-March) discharges of the River Po and the NAO index for the months (DJFM). The continuous lines superimposed on the two sets represent the centred filter with weights (1, 3, 5, 6, 5, 3, 1) for the NAO index and the mean for the last three years of discharges in the River Po. The linear correlation between the two filtered sets is equal to -0.30 (with a 94% significance level).
(centred running mean with weights 1,3,5,6,5,3,1) of Jones' NAO index. It should also be noted that, when the river discharge maximum was passed (i.e. with a change in cycle), it always occurred with the NAO of the DJFM period descending in the positive values and it is marked by an abrupt change to negative, as in the years 1928-1929, 1935-1936, 1961-1962, 1978-1979, 1995-1996 (see Fig. 9 ). Moreover the presence of two consecutive year negative, or close to zero, NAO index values coincides with the covering of a decadal cycle, as can be seen in years 1955-1956 and 1956-1957; 1969-1970 and 1970-1971; 1984-1985 and 1985-1986 . These behaviour patterns, which are repeated in sign and frequency, underline the importance of the atmosphere's internal energy, which may obscure the effects of the exogenous contributions of solar cycles.
CONCLUSIONS
In order to understand the natural variability observed in hydrometeorological records, an analysis using non-traditional methods could lead to the detection of cyclicities that have not been identified before. The validity of these cycles should therefore be sought in other data sets of different disciplines. For instance, this methodology has enabled the cyclic appearance of slime blooms in the Adriatic Sea to be explained.
The identification of cyclicities could become the starting point for establishing seasonal forecast models, which would be invaluable for optimizing the economic value of water resources. Seasonal forecasts, which could provide general indications on the coming season, would also prove invaluable for agricultural purposes, as well as for the optimum usage of water in natural and manmade reservoirs, especially from a competitive viewpoint when water has to be shared between domestic, irrigational, flood control, navigation, hydroelectric, leisure and other demands.
An analysis of historical data sets from around the Equator (end-of-year water levels in Lake Victoria), the northern part of Italy (45°N-the filter of river discharges from the October-March period) and north central England (~ 55°N-filter of the ratio between winter rainfall (DJF) and summer rainfall (JJA)) led to the detection of analogous cyclic behaviour patterns, but in order to explain them, it is necessary to seek a common external cause: the Sun. Therefore it may not be sufficient to limit these studies to atmospheric conditions alone.
It was further observed that there are decadal cyclicities at the Equator and the mid-and high latitudes and the cycles established by Bruckner were put into a modern context. These cyclicities allow one to perceive the "average tendencies" of the weather in advance. To these tendencies one could add the results of the classical meteorological models in order to assess future "transitory periods", i.e. potential weather extremes above (flood conditions) or below (drought conditions) the norm. In this time of high positive anomaly in the hemisphere's surface temperature, this study would appear to be promising and timely.
In conclusion, it could be pointed out that nature seems to delight in revealing certain aspects of its character, those that can be reasonably predicted. On the other hand nature is quite capable of changing course unexpectedly: the study of interaction between solar activity and atmosphere seems to be promising to understand why and when.
